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Honorable Brendan T. Byrne
Governor of New Jersey
Tren ton, NJ 08621 

25 ~~~~~

Dear Governor Byrne:

Inclosed is the Phase I Inspec tion Report f or Kirkwood Lake D ani in
Camden County, New Jersey which has been prepared under authorization
of the Dam Inspection Act , Public Law 92—367. A brief assessment of
the dam ’s condi tion is given in the front of the report.

Based on visuil inspection, available records, calculations and past
opera tional performance, Kirkwood Lake Dam , initially listed as a high
hazard potential structure, but reduced to a significant hazard
potential structure as a result of this inspection , is judged to be in
fair overall condition. The dam ’s spiliway is considered inadequate
since 26 percent of the Spiliway Design Flood——SDF — would overtop the
dam. (The SDF, in this instance, is the One Hundred Year Flood). To
insure adequacy of the structure , the following actions , as a minimum,
are recommended:

a. The spill way ’s adequacy should be determi ned by a qua l i f i ed
professional consultant engaged by the owner using more sophisticated
methods, procedures, and studies within six months from the date of
approval of this report. Any remedial measures necessary to insure
the adequacy of the spillway and to prevent overtopping should be
initiated within calendar year 1980.

b. Within thirty days from the date of approval of this report ,
the ownership and responsibili ty for main tenance should be clar if ied
as a collapse could pre sen t a legal problem regarding responsibility.

c. The following remedial actions should be completed within one
year from the date of approval of this report:

(1) The low level outlet should be made operable so that the
reservoir can be drained .

L _ 
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NAPEN-D
Honorable Brendan T. Byrne

(2) The downstream slopes of the dam embankment in the
vicinity of the bridge wingwalls should be regraded , compacted and
topped with suitable slope protection.

(3) The trees should be removed from the darn crest in the
vicinity of the spillway and the disturbed areas regraded, cospacted
and seeded.

(4) Heavy stone should be placed in the downstream stilling
basin in selected areas to prevent further scouring and preclude the
undermining of the bridge structure.

(5) Patch the spalled and deteriorated concrete surfaces and
stone masonry of the bridge walls.

(6) The crest width should be increased at each side of the
spillway and seeded or protected from surface erosion.

(7) The owners should upgrade the operation and maintenance
procedures for the darn by utilizing a check list for periodic
inspections and instituting a system of record keeping for severe
storms.

A copy of the report is being furnished to Mr. Dirk C. Hofman, New
Jersey Department of Environmental Protection , the designated State
Office contact for this program. Within five days of the date of this
letter, a copy will also be sent to Congressman James J. Florio of the
First District. Under the provision of the Freedom of Information
Act , the inspection report will be subject to release by this o f f i ce,
upon request, five days after the date of this letter.

Additional copies of this report may be obtained from the National
Technical Information Services (NTIS), Springf i eld , Vir ginia 22161 at
a reasonable cost. Please allow four to six weeks from the date of
this le tter for NTIS to have copies of the report available.
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NAPEN-D
h onorable Brendan T. Byrne

An impor tant aspect of the Dam Safe ty Program will be the
implementation of the recommendations made as a result of the
inspection. We accordingly request tha t we be advised of proposed
actions taken by the State to implement our recommendations.

Sincerely,

1 m c i  JAMES C. TON
As stated Colonel , Corps of Engineers

District Engineer

Copies furnished:
Mr. Dirk C. Hofman, P.E., Deputy Di rec tor
Division of Water Resou rces
N.J. Dept. of Environmental Protection
P.O. Box CN029
Tren ton , NJ 08625

Mr. John O’Dowd, Acting Chief
Bureau of Flood Plain Management
Division of Water Resources
N.J. Dept. of Environmental Protection
P.O. Box CN029
Tren ton , NJ 08625
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KIRKWOOD LAKE DAM (NJ00399)

CORPS OF ENGINEERS ASSESSMENT OF GENERAL CONDITIONS

This dam was inspected on 1 May 1979 by Louis Berger & Associates,
Inc. under contract to the State of New Jersey. The State , under
agreement with the U.S. Army Engineer Dist rict , Phil adel phia , had this
inspection performed in accordance with the National Dam Inspection
Act , Public Law 92—367.

Kirkwood Lake Dam, initially listed as a high hazard potential
structure, but reduced to a significant hazard potential structure as
a result of this inspection , is judged to be in fair overall
condition . The dam ’s spiliwa y is considered inadequate since 26
percen t of the Spiliway Design Flood——SDF - would overtop the dam.
(The SDF, in this in stance , is the One Hundred Year Flood). To insure
adequacy of the structure , the following actions , as a minimum , are
recommended:

a. The spiliway ’s adequacy should be determined by .i qualified
professional consultant engaged by the owner using more sophisticated
methods, procedures , and studies within six months from the date of
approval of this report. Any remedial measures necessary to insure
the adequacy of the spiliway and to prevent overtopping should be
initiated within calendar year 1980.

b. Within thirty days from the date of approva l of this report ,
the ownership and responsibility for maintenance should be clarified
as a collapse could present a legal problem regarding responsibility.

c. The following remedial actions should be completed within one
year from the date of approval of this report:

(1) The low level outlet should be made operable so that the
reservoir can be drained .

(2) The downstream slopes of the dam embankment in the
vicinity of the bridge wingwalls should be regraded , compacted and
topped with suitable slope protection.

(3) The trees should be removed from the dam crest in the
vicinity of the sp iliway and the disturbed areas regraded , compacted
and seeded.

(4) Heavy Stone should be placed in the downstream stilLing
basin in selected areas to prevent further scouring and preclude the
undermining of the brid ge structure.



(5) Pa tch the spalled and de teriora ted concrete surfaces and
stone masonry of the bridge walls.

(6) The crest width should be increased at each side of the
spillway and seeded or protected from surface erosion.

(7) The owners should upgrade the operation and maintenance
procedures for the dam by utilizing a check list for periodic
inspection s and instituting a system of record keeping for severe
storms.

APPROVED 
_______________________

~‘ ES G. TON
Co ’

~onel , Corps of Engineers
District Engineer

DATE: ~~~~~~~~ ‘f?f
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PHASE 1 REPORT
NAT IONAL DAM INSPECT ION PROGRAM

Name of Dam Kirkwood Lake
Fed. ID # 00399

State Located New Jersey
County Located Camden
Coordinates Lat . 3950 .2 ~~Long 7500. 1
Stream Cooper River
Date of Inspection 1 May 1979

ASSESSMENT OF
GENERAL CONDITION S

Kirkwood Lake is assessed to be in an overall fair
structural condition and is recommended to be downgraded
from a high hazard to a significant hazard category .
Overtopping of the dam would not appreciably increase
the danger of loss of life or property damage as the
downstream flood plain is, for the most part, uninhabited .
No detrimental findings were covered to render a question-
able judgement as to the structural stability . Remedial
actions recommended to be undertaken in the near future
are to 1) regrade slopes adjacent to wingwalls, 2) remove
root systems on the embankment slopes by the spillway ,
3) place riprap in the downstream channel, 4) patch the
concrete and masonry surfaces of the bridge substructure ,
and 5) rebuild the darn crest width at each side of the
spillway and seed or provide erosion protection .

The ownership of the dam could not be determined .
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- . This dam has an inadequate spiliway , being able toF accomodate only 25% of the spiliway design flood .

Project Manager
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PREFACE

This report is prepared under guidance contained in the
Recommended Guidelines for Safety Inspection of Dams,
for Phase I Investigations . Copies of these guidelines
may be obtained from the Office of Chief of Engineers ,
Washi ngton , D.C.  20314. The purpose of Phase I Investiga-
tion is to identify expeditiously those dams which may
pose hazards to human l ife or property . The assessment of
the general condition of the dam is based upon available
data and visual inspections . Detailed investigation , and
analyses involving topographic mapping, subsurface inves-
tigations , testing, and detailed computational evaluations
are beyond the scope of a Phase I investigation ; however,
the investigation is intended to identify any need for
such studies.

In reviewing this report , it should be realized that the
reported condition of the dam is based on observations
of field conditions at the time OL inspect ion along wi th
data available to the inspection team. It is important
to note that the condition of a dam depends on numerous
and constantly changing internal and external conditions ,
and is evolutionary in nature . It would be incorrect to
assume that the present condition of the dam will continue
to represent the condition of the dam at some point in
the future. Only through continued care and inspection can
there be any chance that ui-isafe conditions be detected .

Phase I inspections are not intended to provide detailed
hydrologic and hydraulic analyses. In accordance with the
established Guidelines , the Spillway Test flood is based
on the estimated “Probable Maximum Flood” for the region
(greatest reasonably possible storm runoff) , or fractions
thereof. The test flood provides a measure of relative
spillway capacity and serves as an aid in determining
the need for more detailed hydrologic and hydraulic
studies , considering the size of the dam, its general
condition and the downstream damage potential.

——. _ - - - - ~~~~
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PHASE I INSPECTION REPORT
NATIONAL DAM INSPECTION PROGRAM

NAME OF DAM: KIRKWOOD LAKE DAM FED ID# NJ 00399

SECTION 1 - PROJECT INFORMATION
1.1 GENERAL

a. Authority

This report is authorized by the Darn Inspection
Act , Public Law 92-367 , and has been prepared
in accordance with Contract FPM-36 between
Louis Berger & Associates , Inc . and the State
of New Jersey and its Department of Environ-
mental Protection , Division of Water Resources.
The State, in turn , is under agreement with
the U.S. Army Engineer District, Philadelphia ,
to have this inspection performed .

b. Purpose of Inspection

The purpose of this inspection is to evaluate
the structural and hydraulic condition of the
Kirkwood Lake Darn and appurtenant structures,
and to determine if the dam constitutes a
hazard to human life or property .

1.2 DESCRIPTION OF PROJECT

a. Description of Darn and Appurtenances

The dam at Kirkwood Lake is a straight 250 foot
long, ill-defined low earth embankment with a
rectangular concrete box spiliway built into
an ancient stone masonry bridge abutment near
the left  end of the dam . The hydraulic drop
at the 11’ x 19’ spillway is 8.5’  and discharges
into an irregular stilling basin adjacent to
the R.O.W . of the PATCO commuter railroad
(Pennsylvania Reading Seashore Railroad) .

— 1—
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b. Location

Kirkwood Lake Darn is located on the Cooper
River 0 .30 mile northeast of the intersection
of White Horse Road (Rt . 673) and White Horse
Pike (Route U.S. 30) on the municipal boundary
between the Township of Voorhees and Borough
of Lindenwold , Camden County .

c. Size Classification

The maximum height of the dam is 12 .5 feet
and the maximum storage is estimated to be
226 acre-feet. Therefore the dam is placed
in the small size category as defined by the
Recommended Guidelines for Safety Inspection
of Dams (storage less than 1,000 acre-feet
and height less than 40 feet) .

d. Hazard Classification

Based upon the Corps of Engineers criteria
and the fact that in the event of a failure,
little damage would be inflicted on down-
stream development or endanger human l i fe ,
the classification is recommended to be
downgraded to a significant hazard . Below
the dam , Cooper River flows under White
Horse Road in an elliptical corrugated
culvert which would act as a hydraulic
restriction to downstream flooding . The
roadway embankment (some 100 feet downstream)
would actually function as a back—up dam .
Its average height is 10 to 20 feet above the
study dam crest. Further downstream , the
flood plain is only sparsely developed with
most facilities above expected high water ,
except for a sewage treatment plant.  However ,
a failure of the spiliway could block the
elliptical CMP under White Horse Road and
possibly flood the adjacent railroad trackage
of the PATCO commuter line . In view of the
potential damage to this utility, the signi—
ficant hazard classification is hereby
recommended .

L _ _ _ _ _ _
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e. Ownership

The legal owner is presently unknown .
Both the muncipalities of Voorhees and
Lindenwold and Camden County disclaim owner-
ship. According to Darn Application 31-35
(dated 5/20/4 3) the structure is owned by
the Kirkwood Lake Colony Club of Kirkwood
N .J .  but they could not be located . In 1966 ,
a Mr. Albert N.  Brewin wrote to the Department
of Conservation and Economic Development re-
questing permission to make minor repairs but
there is no record that he owns the dam .

f .  Purpose of dam

The dam was built to impound a recreational
lake within a lakeside residential develop-
ment .

g. Design and Construction History

It is unknown when the earliest dam at this
site was initially constructed . The present
spiliway was rebuilt by the Lakeside Park
Development Company in 1941 after the dam
embankment had been breached by the flood
of September 1, 1940. Historical records
indicate the spiliway was relocated from
the right to the left  end of the dam and the
darn was initially constructed in 1931 or 1932
by the American Ice Co. The 1941 reconstruc-
tion plans were prepared by Paul X. Blattler ,
P .E. #1977 but only indicated the spillway
details. Except for periodic replacement of
timber stoplogs , the basic configuration has
apparently not changed since 1941 .

h. Normal Operating Procedures

The dam spiliway functions as an uncontrolled
weir with no attempt to control the reservoir
level except during periods of cleaning and
repair (see Section 4).

—3—
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1.3 PERT INENT DATA

a. Drainage Area — 5.14 sq. miles

b. Total spillway capacity at maximum pool
elevation 918 cfs .

c. Elevation (above M . S . L . )

Top of dam - 59.81
Recreation Pool - 55.81
Streambed at center line of dam — 47.3+

d. Reservoir

Length of Recreation Pool — 3700 feet
Length of Maximum pool - 4200 feet

e. Storage

Recreation Pool — 92 acre—feet
Top of Dam - 226 acre-feet

f .  Reservoir Surface

Top of darn — 36 acres
Recreation pool - 31 acre s

g. Dam -

Type : Earth embankment with 3 sided concrete
drop inlet spiliway .

Length - 250 feet
Top Width - 20 feet
Height - 12.5 feet
Side Slopes — 2H :IV+
Zoning — Unknown

h. Diversion and Regulating Tunnel

None

i. Spillway

Type — Three—sided overflow concrete box
Length of weir - 41 feet

j .  Regulating Outlets - removable stoplogs in
spillway (3’ x 3’ and 3’ x 5’) See Figure 4.

—4—
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SECTION 2 - ENGINEERING DATA
2.1 DESIGN

The only information available for design review
were microfilm records and the single drawing
prepared in 1941 for reconstruction of the spill—
way . This indicated the geometry and details of
this wall section but revealed nothing of the
earlier highway bridge to which the spiliway is
connected . Also located were several hydraulic
calculations which were reviewed (as summarized
in Section 5 ) .  No boring logs or information were
available although it was indicated on the 1940
Darn Application that the underlying foundation
material is a fine sand with a trace of clay and
a dark impervious green marl . The general area
is surrounded by stratified marine sands known
as Kirkwood deposits which contain fine micaceaous
quartz sand with varying amounts of silt . The
depth to bedrock in this area is greater than
100 feet.

2 .2 CONSTRUCTION

Little information was obtained regarding the 1941
construction . From the various reports at that
time , the construction appeared to have been
accomplished substantially in agreement with the
design . There have been no other major structural
modifications since the 1941 work .

2 .3 OPERATION

There is no day-to-day operation at this darn as
the timber stoplogs are kept continuously closed
under normal conditons. The lake level is
uncontrolled except during periods of maintanence .

2 .4  EVALUATION

a. Availability

Sufficient  engineering data is vailable (except
for the old spiliway bridge ) to ascertain the
structural stability and assess the dam ’s

—5—
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overall safety . No data was located upon which
to base an assessment of the embankment perme-
ability but in light of the modest height, the
dike structure appears to be stable .

b. Adequacy

It is felt  that the available data is suff ic ient
to allow the rendering of the following assess-
ment contained in Section 7 .

c. Validity

The validity of the information available is
not challenged and is accepted without recourse
to further investigation.

—6—
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SECTION 3 - VISUAL INSPECTION

3.1 FINDINGS

a. General

The visual inspection was conducted on May 1, 1979
at which time the inflow was producing a modest
discharge over the spillway . The physical
condition of the embankment appeared stable
and the inspection team was primarily concerned
with the deteriorated condition of the old
spillway bridge .

b. Darn

The embankment appears to have supported a local
street in earlier times and is fairly wide in
comparison to its height . However , it is only
about 13 feet wide at the spillway. The old
stone masonry bridge at the spiliway previously
supported a steel I-beam and timber deck (now
removed) . The upstream edge of the dam crest
is lined with small trees and the entire down-
stream slope area to the right of the spili way
has been backfilled to only one foot below crest
grade . There is a considerable amount of
scouring at the ends of the wingwalls. The
left abutment zone contains a much newer con—
crete headwall and storm drain discharge pipes
from the railroad switching yards on the south
side of the lake . There has apparently been
little upkeep of the embankment slopes for
many years . Much of the dam crest is much
wider than the 20 feet indicated in the design
plans but is completely devoid of vegetation .
It was noted that the roadway embankment of
County Road 673 (in the vic inity of the down-
stream slope toe) is much higher than the darn
embankment ( about 25 feet just  below the spiliway)
and effectively forms an additional embankment
structure roughly paralleling the main embank-.
ment axis .

- 
________ - ..•~ . - • -



c. Appurtenant Structures

The three-sided concrete spillway is in a
satisfactory condition with only minor
cracking and surface spalling but the stone
masonry walls of the older highway bridge
immediately below the spillway are in an
advanced stage of deterioration. The
original ashlar masonry has been repaired
with concrete blocks which have pulled
loose and the mortar joints are open . The
concrete wingwalls are only vestiges of
their original shape with many parts missing
or broken loose from their supports. The
sharp-crested weirs on the spiliway were
submerged and could not be examined closely
but the crest appears level with no evidence
of djfferenta]. settlement. Several new
timber stoplogs have been recently installed
in the sluice ways on each side of the inlet .
It could not be determined how the stoplogs
are removed from the lower righthand opening .
The small steel I-beams which formerly sup-
ported the bridge deck slab are rusty and
add only secondary lateral support to the
abutment walls.

There are several sections of small water
mains in and around the spillway but it
could not be determined if any were operable .

d. Reservoir

Kirkwood Lake has a well-established shore
line with numerous homes along the north
boundary . On the south , the storage and
switching yards of the PATCO commuter line
occupies much of the frontage . The lake is
clear of debris up to its headwaters where

• ~ Ooper River and Millard Creek jointly feed
the reservoir. It was noted that there are
several small dams immediately upstream ( see
Section 5 ) .

e. Downstream Channel

The dicharge from the dam flows through a
• 8’ x 15’ elliptical C . M . P . culvert under

— 8—
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the Route 673 embankment. The channel runs
parallel to the railway embankment and is
straight and fairly clear of obstructions .
However , it makes a sharp left turn approxi-
mately one-tenth of a mile downstream from
the highway and passes through a bridge under
the railroad . The railroad bridge has a
rectangular opening with a span of 21 feet and
a height of opening to water surface of 5
feet. Further downstream the highway culvert
under Chews Landing Road is almost completely
silted up. The only facility in the down-
stream flood plain is a sewage disposal plant
1.3 miles below the dam .

—9—
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SECTION 4 - OPERATIONAL PROCEDURES
4 .1 PROCEDURE S

Operational procedures were not observed by the
inspection team . As the present owners could
not be located , maintenance responsibility or
operational procedures undertaken in the past
(except for dewatering the lake several years
ago) remain unknown .

4 .2  MAINTENANCE OF DAM

There has apparently been little or no continual
maintenance of this dam .

4.3 MAINTENANCE OF OPERATING FACILITIES

The only operational facilities are the two stop-
log gates in the sides of the spillway . It appears
they are opened only during de-watering operations
for reservoir maintanence and were last employed
in 1974 by the Voorhees Township Jaycees.

4 . 4  DE SCRIPTION OF WARN ING SYSTEM IN EFFECT

There is no formalized warning system in effect
as the dam has not been overtopped since 1940.
However, it is positioned on the muncipal boundary
which could be the cause of possible jurisdictional
problems .

4. 5 EVALUATION OF OPERAT IONAL ADEQUAC Y

Present sa feguards are deemed to be adequate in
view of performance record and the lack of hazards
relating to the dam . However , it is felt that the
ownership responsibility of maintenance should be
clarified in the future by local and state authori-
ties notwithstanding the fact that the structure is
pre sently operating satisfactorily.

—10—
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SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Design Data

In accordance with the criteria in the Recommended
Guidelines for Safety Inspection of Dam, it has
been determined that the dam at Kirkwood Lake is
small in size and is placed in the s igni f icant
hazard category . According ly,  the spillway desi gn
flood (SDF) was selected by the inspection team
to be the 100—year frequency event. The inflow
hydrograph was calulated ut i l iz ing precipitation
data from Technical Paper 40 and NOAA Technical
Memorandum NWS Hydro-35. The inflow hydrograph
and routing through the reservoir were performed
by the HEC-l computer program . Peak inflow to the
reservoir was 4 ,505 cfs which when routed through
the reservoir was reduced to 3, 647 cfs . The
spillway capacity before overtopping is approxi-
mately 918 cfs, thus the spillway will accommo-
date only 25% of the design flood.

b. Experience Data

Records indicate that the dam has been overtopped
several times in the past. In December 1940 ,
the darn was overtopped by 5 feet and the embank-
ment failed in three places. There is a water
quality gage located at the site. Original
design calculations indicate a spillway capacity
of 885 cfs and according to the Corps of
Eng ineers , the Hydrology Coordinating Committee
of the Delaware River Basin Commission has adopted
a QlOO of 2 ,500 cfs at this site .

c. Visual Observations

It appears the dam is protected to a great degree
by the highway embankment of White Horse Road.

d. Overtopping Potential

Employ ing the discharge and spillway capacities
contained herein , overtopping of more than three

—11—
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feet would occur in the event of the design
storm. Moreover the darn has been overtopped
several times in the past and thus it is fel t
there is considerable potential for fu ture
ove rtopping .

e. Drawdowri

It would take approximately 13 hours to dewater
the lake utilizing the 3’ x 5’ lower gate. The
invert of this gate is 8.5’ below the crest
elevation and as previously reported , it could
not be ascertained how the lower portions of
the stoplogs could be pulled.
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observations

The concrete spiliway , although buttressed
against the old stone masonry abutment walls
is in no immediate danger of collapse unless
the embankment is scoured out on each side.
Further , during most severe flooding conditions,
there is apparently a backwater condition caused
by the partially-blocked elliptical CMP culvert
under the roadway embankment just 100 feet
downstream . However , surface run—off from the
crest is slowly scouring out the backsiope fill
behind the bridge wingwalls and together with
the two storm drains from the railroad property
have created a stilling basin between the dam
and the roadway embankment.

A major portion of the dam is of no structural
concern as the downstream slopes are completely
backfilled up to dam crest elevation and sur-
charged by the highway embankment.

b. Design and Construction Data

Sufficient design data was available from the
1941 Application permit to evaluate the concrete
spillway . Little can be deduced relative to
the structural stability of the old bridge abut-
ments especially regarding the in-situ foundation
conditions. It is very possible that the bridge
is constructed on timber piling (in view of the
lack of differential settlement) . As long as
the spillway is laterally braced by the bridge
substructure , its structural condition is
satisfactory .

C. Operating Records

No formal records exist . As previously stated ,
the spillway appears to have functioned satis-
factorily as an uncontrolled outlet since its
1941 reconstruction . There are no recorded
instances of overtopping since that date.

—13—
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d. Post Construction Changes

There have been no modifications to the
hydraul ic  elements since 1941. However , the
surrounding area has undergone considerable
change with the addition of the downstream
highway embankment and bridge over the rail-
road , the addition of the railroad sidings ,
relocated trackage , marshall ing yard drainage
and the abandonment of the local street over
the dam crest.

e. Seismic Stability

The bridge has an adequate factor of safety
against static loadings and experience indicates
that it will therefore have adequate stability
against Seismic Zone 1 dynamic loadings.

-14-
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SECTION 7 - ASSESSMENTS/RECOMMENDATIONS/
REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety

Subject to the inherent limitations of the
Phase I visual inspection , Kirkwood Lake Darn
is cl assified as being in a sound and overall
fa i r  condition insofar  as its embankment
structure is concerned but the spillway bridge
abutments at the main discharge outlet are in
need of repair. No seriously detrimental
findings were revealed in this inspection to
render a questionable judgement as to the
present structural stability . The concrete
spillway is inadequate hydraulically , being
able to accommodate approximately 25% of the
100 year design flood . The overtopping
potential is considerable due to the
hydraulically inadequate spillway and the
ease with which the elliptical CMP outlet,
100 feet downstream , can be blocked with
debris.

b. Adequacy of Information

The information gathered for the Phase I
inspection is deemed to be adequate regard-
ing the structural stability of the dam
except for the lack of detailed information
regarding the bridge foundations.  No surveys
or inspections have been recorded since 1961
and the dam has undergone deterioration since
that time.

C .  Urgency

It is recommended that the remedial measures
set forth below be taken under advisement
in the near fu ture .

d. Necessity for Further Study

Due to the downgraded significant hazard
classification and the fact that only moderate

— 15—
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downstream property damage is likely in case
of a fa i lure, fur ther  eng ineering studies ,
under the purview of the P .L .  92-367 , are
believed to be unnecessary .

7. 2 RECOMMENDAT IONS/REMEDIAL MEASURES

It is recommended that the ownership and responsi-
bility for maintenance be clarified as a collapse
could present a legal problem regarding responsi-
bility.

a. Alternatives

• The downstream slopes of the dam embank-
ment in the vicinity of the bridge wingwalls
should be regraded , compacted and topped
with suitable slope protection .

• The trees should be removed from the dam
crest in the vicinity of the spillway and
the disturbed areas regraded , compacted
and seeded.

• Heavy stone should be placed in the down-
stream stilling basin in selected areas to
prevent further scouring and preclude the
undermining of the bridge structure.

• Patch the spalled and deteriorated concrete
surfaces and stone masonry of the bridge
walls .

• The crest width should be increased at
each side of the spillway and seeded or
protected from surface erosion .

b . O&M Maintenance and Procedures

The owners should upgrade O&M procedures
by issuing check lists for periodic inspec-

• tions and institute a system of record
keeping for severe storms .

—16—
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C}IEC}~ LIST
HYDROLOGIC ANt) HYDRI~ULIC DATA

ENG I~~ERI NG DATA

DRAI~~CE AREA CHARACTERISTICS : 5.14 sq. mi.

ELEVAT ION TOP ~)RI1AL POOL (STORAGE CAPACITY) : + 55• 81 (92 AF)

ELEVAT ION TOP FLOOD CONTROL POOL (STORAGE CA PACITY) : +59.81 (226 AF)

ELEVAT ION I~1AX INUM DESIGN POOL: Unknown

ELEVATION TOP 1~~1: + 59.81

CREST:

a. Elevation +59.8 1
b. Type Earth embankment
c. Width Varies
d. Length 2 50
e. Location Spillove r None
f .  Number and Type of Gates _ 2 sets of 3’ 0” stop).ogs

OUTLET WORKS :____________________________________________________

a. Type 3-sided concrete_drop inlet
b. Location left abutmenl-
c. Entrance inverts +55.81
d. Exit inverts +47 .3
e. Emergency draindown facilities None

HYDROMETEOROLOGICAL GAGES: None
a. Type
b. Location _________________________________________________________

c. Records

MAXDIIjN N0N-D~j(AGI~~ DISCHARGE! 918 c.f.s.(spillway capacity)
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BY~~~~~iJ~~~ .. DATE LOUIS BERGER & ASSOCIATES INC. SHEET N ~~ or~~
CHICO. BY DATE PROJECT

SUBJECT . 

KTRKW 000 L A K E  CA t- ’
BY D..J.M.
J u’~C 2 l  tq’q  

-- -— - -

• .J0B SPE C IFI CATI CN
NO NI’R NMIN IDA Y It-lB HUN MCTRC IPLT IP RY NS T A N- -- 

t~~0 0 1~ 0 0 0 0 0 0 0 
- — - -

JOPER NUT

- — • .  — 3
- -  

3 
—

.*.. t* *. .•  .*..a~~~~ fl* ..*.*.**.. **.,**.*. .  fl*..a....

~U P—AR tA RUNOFF CO MPI_, IAT I ON

INFLOW t-~YDROGR~~PH
ISTLO • ICOMP IECON ITAPE JPLT ..IPRT INANE

1 0 0 0 0 0 7

H RC6 t-~A PH D A T A
• I~4YOG IUHG TA R EA 

- SNA P TR.SDA TRSPC RATIO ISt- .OU ISAME 
- • 

&~,~~ AL
0 — 7  5.14 0.0 5.1k 0.0 0.0 0 0 0

PREC IP D A T A
NP STORM D A J  CAI(
24 0.0 0.0 0.0

- . PR~~~7P PATTERN -. 
~~ 

. —- 
~~ 

——

0.(6 0.06 0.06 0 . 0 7  0 . 08  0 . 0 9  0 . 7 1  0 .1 4  0 . 3 0  0 .30
0.70 1.70 0.40 0.30 0.16 0.11 0.05 0.09 0.07 0.07
0.~ 6 0.06 0.06 0 .0 6

• LOSS D A T A
• STRKR O L T K R  - RTIOL. ERA1N SIRKS RTIOi( ST RII .  C N S T L  A LSN X RT IMP

• 0.0 0.0 1.00 (.0 0.0  1.00 1.50 0.33 0.0 0.0

G I V E N  UNIT G R A P H , NUP-~~~: 22
• 107. 354. P77. 1414. 1736. 1772. 1557. 1271. 966. 752.

447. 340. 251. 197. 143. 107. 89. 72. 54.
• 45 .  3 4 .

UNIT GRAPH TOTALS 13198 . CFS OR 1.00 INCHES OVER THE A R E A

RECESS ION D A T A
STRTQ: 0.0 CRC~ N 0.0 RT1OR: 1.00 

— 

~~~~~~~~~ENO-OF -PCR1OO FL0W 
_______ —-

TIME R A I N EXCS COPP 0
1 0.06 0.00 0.

- - 2 0.06 0.00 0.
3 0.06 0.00 0.

• 4 0.07 0.00 0.
5 o .oe  0.00 0. • 

6 0.09 0.00 0.
• 7 0.11 0.00 0.

8 0.14 0.00 0.

I 
~~ —• -~ -~~~ .•~~~~~~~~~

— - - - - 
- 

~~~~~~~~ —~ ~.__. ~~~~ ~~~~~ ~~~~~~~~~~ 
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BY~~~~~~~~~~ DATE LOUIS BERGER & ASSOCIAT ES INC. SHEET N~~~~~~~~H . OF~~.

CHICO. BY . DATE . .  ~~i 1 L L J~ ~~~~~~~~~~~~~~~~~~~ PROJECT :~~~~~~~~~~ .

SUBJECT . 

9 0 . 3 0 0 . 0 0  0.
10 0.30 0.00 0.
11 0.70 0.42 45.
12 - 1 . 7 0  -- 1 . 6 2  • • 

33 9.
13 0.40 0.33 11 43.
14 0.30 0.23 2171.
15 0.16 0.09 3409.
16 0 . 1 1  0 . 0 4  4259.
17 0.09 0.02 4~ 05.18 0.09 0.02 • 4188.

A 
19 0.07 0.00 35 92.
20 0 . 0 7  

• 
0.00 2894.

21 0.06 0 00 2304.
22 0.06 0.00 1796.
73 0.06 0.00 1 401.
24 0.06 0.00 

• 1 0 7 2 .
25 0.0 0.0 810.
26 0.0 0.0 

- 622.
2 1 0.0 0.0 462.
28 0.0 0.0 351 .
29 0.0 0.0 279.
30 0.0 0.0 

- 221.
31 0.0 0.0 171.
32 0 . 0 0 . 0  138.
33 0.0 0.0 95.
34 0.0 0.0 31.
35 0.0 0.0 16.
36 0.0 0 0   

• 
6.

3? 0.0 0.0 3.
• 38 0 .0  0 .0  1.

39 0.0 0.0 1.
40 0.0 0.0 0.
41 0.0 0.0 0.

• 4 2 0 . 0  0 .0  - 0.
43 0.0 0.0 0.
44 0.0 0.0 0.
45 0.0 0.0 0.
46 0.0 0.0 0.
41 0.0 0.0 0.
48 0.0 0.0 0.

• 49 0.0 0.0 a.
• 50 01 .0 0 .0  3.

51 0.0 0.0 0.
52 0.0 0 .0  0.
53 0 .0  0.0 0.

~~~~~~~~~~~ 0 .0  0 .0  — -  0.
A 55 0 . 0  0 .0  0.

56 0.0 0.0 0.
A 57 0.0 0.0  • 0.

58 0 .0  0.0 0.
59 0 .0  0 .0  0.

0.0 ~~ 0 .0  0. -

61 0. 0 0 .0  0.
6 2 0 .0  0.0 0.
63 0 . 0 0.0 0.
64 0 . 0 0 .0  0.
65 0. 0 0.0 0.

• ~~~ 
— 66 0 .0  0 .0  - 0.

67 0.0 0.0 0.
68 0 . 0 0 .0  0.
69 0 .0  0 .0  0.

I 
- _ _

_ _ _ _ _ _ _ _  ~~~- - -~~~-—--—--~
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SUBJECT . 

A •

• — 0 ’

I I
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- I - 0.b • 0

A • >~~ A
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~~~~ 
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LOWS BERG ER & ASSOCIATES INC. SHEET NO. OF I
CHICO. BY . DATE ~~~~~~~~~~~~~~~~~~~~~~~~ ‘ -  PROJECT . -

SUBJECT . 

3 0. 0. 0.
4 0. 0. 0.

0. 0.  0.
0. 0. -—- 0.

7 0 .  0.  0.
8 0. 0 .  0.
e 0. o. 0.

10 0. 0.  0.
11 0. 2 2 .  2 .

- • - 1 .  192 .  • • 15. -

• 13 18. 691. 64 .
14 48 .  1 607 .  2 16 .
15 97 .  2 7 9 0 .  5 8 3 .
16 15 6 .  3834. 1452.
17 203 . 4382. 271 4.
18 - 229. -- - 4347 .~~ 

- -  3448. 
-,

19 236 . 3890 . 3647.
20 230. 3243. 3465.
21 216. 2q99. 307 6.
22 2 ( 0 .  2 0 5 0 .  2 6 1 5 .
23 183. 1598. 2158.
74  168. ~~ 123 ? .  -- 1766.
25 155. 941. 1430.

• 26 143. 716. 1139.• 27  1 3 3 .  • 
542. 909 .

28 124 .  406 .  82 2 .
29 114 . 315. 734.

~~~~~~~ 1C5~~~~~~~~250.~
31 96. 196. 574.
32 88. 154. 510.
33 Ri. 116. 450.
34 73. 63. 341 .

6 6.  2 4 .  335.
- —

37 84. 5. 257.
38 50. 2. 226.

45. 1. 198.
40 41. 0. 174 .
41 38. 0. 153.

38. -— 0. • • 134 . --

43 32. 0. 117.
44 3C. 0. lOB.

28. 0. 100.
464 26. 0. 93.
47  24. 0. 86.

22.  0. • 80.
49  21. 0. 75.
50 19. 0. 69.
51 18. 0. 64.
82 17. 0. 60.
53 15. 0. 55.

-- - -  • 
1 4 .  

• • 
0 .  —- 51.

55 13. 0. 48.
56 12. 0. 44.
57 I i .  0.  41 .
5.8 11. 0.  38.
85 10. 0 .  35.
60 9. 0 .  33
61 9. 0. 31.
62 8. 3. 28.
63 7. 0. 26.

- --•-.-_ _

~~~~~~_~~~~1
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BY.j_ ~~ DATE LOUIS BERGER & ASSOCIATES INC. SHEET N~~
CHICO. BY DATE .~~~ 

A •

~~~~A~~~~~~~~~~~~~1j ~~~~~~~~~~~~ . i •  PROJECT~~~~~~~~.

SUBJECT

64 7. 0. 29.
65 6. 0. 23.
66 6. 0. 21.

— • 67 - 5. ~~~ 0. • 20, — •

68 5. 9.  18.
5. o. 1?.

- - 70 9. 0. 
- 16.

71 4. 0. 15.
77 4. 0. 13.
73 3. 0. - 

~~~l3 .  ~~

74 3. 0. 12.
75 5. 0. 11.
74 3. 0.  10.
77 3. 0. 9.
78 2.  0 .  9.

“ 7 2 .  0. ~~~8.
80 2. 0. 7.
81 2. 0. 7.

- - 
82 2. 0. 6.
83 2. 0. 6.
84 2. 0. 6.

5.
1. 0. 5.

• 
• Ri  1. 0. 4.

88 1. 0. 4.
89 1. 0. 4.
9’~ 1. 3 .  4 .

O .  5.
92 1. 0. 3.
9’ 1. 0.  3.
94 1. 0. 3.
95  1.  0. 2.
96 1. 0.  2.

~ 

-- 2. --

98 1. 0. 2.
99 1. 0.  2.

1010 0. 0. 2.

SUN 
- 

3 6 2 0 2 .

PEA K 6-HOUR 24— H OUR 72-HOUR T C T A L  VOLUME
C FS 3 6 4 7 .  14 02 .  3 7 7 .  362 .  36202.

INCHES 2.54 2.73 2.73 2.73
• AC —F’ 695 . 748. 748. 748.

* 4 * 4 4* ~~~*** ..... •... •

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A V E R I O r  Ft.6W

P E A K  6 — H O U R  2 4 — H O U R  7 2 — H O U R  A R E A
HYO RC S R A P H  AT 1 9505 . 

• 1 5 0 8 .  377 .  362 . 5 . 14
ROUTED TO 11 5647 .  1402 .  377.  362.  5 .14

I
- 

~~~~~~ ~~~~~~~~~~~~~
_ _ _ _ _ _ _ _  — -- -

~~~


